MATERIALS AND METHODS

Materials LPS (from
The purity of isolated gallotannins is more than 98%.
Cell Culture and Treatments Murine macrophage cells (J774A.1) were grown in Dulbecco's modified Eagle's medium (DMEM) (2 mM glutamine, 100 units/ml penicillin, 100 mg/ml streptomycin) with 10% non-heat-inactivated fetal bovine serum (FBS) in 5% CO 2 at 37°C. Cells were treated with gallotannins (0.1-10 mg/ml) for 1 h prior to stimulation with LPS (30 ng/ml) and incubated at 37°C for additional time.
Nitric Oxide Assay The amount of stable nitrite, the end product of NO generation by activated macrophages was determined by a colorimetric assay as previously described. 16) Briefly, 50 ml of culture supernatant was mixed with an equal volume of Griess reagent (1% sulfanilamide, 0.1% naph- thylethylenediamine dihydrocholoride, 2.5% H 3 PO 4 ), and incubated at room temperature for 10 min. The absorbance at 540 nm was read using a PowerWave x spectrophotometer (Bio-Tek Instrument, Winooski, VT, U.S.A.). Nitrite concentration was determined by extrapolation from a sodium nitrite standard curve. MTT Assay Cell viability was determined by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay in 96-well plates as previously described. 17) Cells were incubated with various concentrations of gallotannins for 24 h followed by MTT for 4 h, and then 100 ml of isopropanol (in 0.04 N-hydrochloric acid) was added to dissolve the formazan crystals. The absorbance was read at 570 nm using the Anthos 2010 spectrophotometer (Salzburg, Austria). Cell viability was calculated as relative absorbance compared to control.
Gallotannin Isolated from
Reverse Transcription-Polymerase Chain Reaction (RT-PCR) RT-PCR was used to analyze the expression of mRNA for iNOS and b-actin (internal control) with gallotannins in LPS-stimulated cells. The conditions for RT-PCR were similar to ones previously described. 18) Amplified PCR products were separated by 2% agarose gels and digitized using UN-SCAN-IT software (Silk Scientific, Orem, UT, U.S.A.).
Western Blot Analysis Cell lysates were prepared as described for iNOS and NF-kB.
2) Protein concentrations in the cell lysates were determined by Bio-Rad protein assay kit (Richmond, CA, U.S.A.). Samples of protein (50 mg) were electrophoresed using 12% sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE), and then transferred to nitrocellulose membrane. The iNOS and p65 NF-kB were assayed by anti-iNOS and anti-p65 NF-kB antibodies (Santa Cruz Biotech, Santa Cruz, CA, U.S.A.). Immunodetection was done using enhanced chemiluminescence detection kit (Amersham, Piscataway, NJ, U.S.A.).
Nuclear Protein Extraction Nuclear extract was prepared as described elsewhere. 19) Briefly, after cell activation for the times indicated, cells were washed in 1 ml of ice-cold phosphate buffered saline (PBS), centrifuged at 1200 rpm for 5 min, resuspended in 400 ml of ice-cold hypotonic buffer (10 mM HEPES/KOH, 2 mM MgCl 2 , 0.1 mM EDTA, 10 mM KCl, 1 mM DTT, 0.5 mM PMSF, pH 7.9), left on ice for 10 min, vortexed, and centrifuged at 15000 g for 30 s. Pelleted nuclei were gently resuspended in 50 ml of ice-cold buffer (50 mM HEPES/KOH, 50 mM KCl, 300 mM NaCl, 0.1 mM EDTA, 10% glycerol, 1 mM DTT, 0.5 mM PMSF, pH 7.9), left on ice for 20 min, vortexed, and centrifuged at 15000 g for 5 min at 4°C. Aliquots of supernatants that contained nuclear proteins were frozen in liquid nitrogen and stored at Ϫ70°C.
Transient Transfection and Luciferase Activity Assay NF-kB luciferase reporter gene constructs (pNF-kB-LUC, plasmid containing NF-kB binding site; STANTAGEN, Grand Island, NY, U.S.A.) were transiently transfected into cells by using FBS-and antibiotics-free DMEM containing 8 ml of Lipofectamin (Invitrogen, Carlsbad, CA, U.S.A.). 20) Gallotannins were pretreated to cells for 2 h prior to LPS stimulation. Cells were harvested 20 h after stimulation and washed in cold PBS before lysis in 100 ml lysis buffer (Luciferase assay kit; Promega, Madison, WI, U.S.A.). Luciferase activity was measured with a MicroLumat Plus luminometer, according to the manufacturer's protocol. All transfection experiments were performed in at least three different experiments, with similar results. Total protein was assayed by Bio-Rad protein assay kit.
Statistical Analysis The experiments shown are a summary of the data from at least three experiments. All data are presented as the meanϮSE. Statistical analyses were performed using SAS statistical software (SAS Institute, Cary, NC, U.S.A.). Treatment effects were analyzed using one-way analysis of variance, followed by Dunnett's multiple range tests. The results were considered significant at a value of pϽ0.05.
RESULTS
We examined whether isolated gallotannins could regulate NO production in macrophages. The inhibitory effect of gallotannins on LPS-induced NO production is shown in Fig. 1 . Cells were pretreated with gallotannins (10 mg/ml) for 1 h prior to LPS stimulation (30 ng/ml) for 24 h. Among the seven gallotannins, gallotannins 15 and 23 significantly inhibited LPS-induced NO production. In addition, gallotannins 15 and 23 (0.1-10 mg/ml) dose-dependently decreased NO production (Fig. 2) . The doses of gallotannins 15 and 23 1054 Vol. 32, No. 6
Fig. 1. Effects of Gallotannins on the Production of Nitric Oxide in LPSStimulated Macrophages
Cells (2ϫ10 4 cells/well) were pretreated with gallotannins (10 mg/ml) for 1 h following stimulation of LPS (30 ng/ml) for 24 h. NO in the culture media was assayed using Griess reagent. Each bar represents the meanϮS.E. (nϭ3) of three independent experiments. * pϽ0.05: significantly different from the LPS value. GT: gallotannin.
Fig. 2. Effects of Gallotannins 15 and 23 on the Production of Nitric Oxide in LPS-Stimulated Macrophages
Cells (2ϫ10used in our study did not cause cytotoxicity (Fig. 3) .
We carried out RT-PCR to investigate the effects of gallotannins 15 and 23 on the gene expression of iNOS in macrophages. Gallotannins 15 and 23 (0.1-10 mg/ml) dosedependently decreased LPS-induced gene expression of iNOS at 6 h (Fig. 4A) . In addition, gallotannin 15 and 23 dose-dependently inhibited LPS-induced iNOS production confirmed by Western blot (Fig. 4B) .
NF-kB is a transcription factor that is activated in response to LPS, and activation of NF-kB is an essential step in inducing iNOS expression in macrophages. 5) To evaluate the mechanism of action of gallotannins on the expression of iNOS, we examined the effect of gallotannins on the activation of NF-kB. Gallotannins 15 and 23 blocked the LPS-induced degradation of inhibitory-kB (I-kB)a, translocation of p65 NF-kB, and luciferase activity (Figs. 5A, B) .
DISCUSSION
The pathophysiologic condition of inflammation is initiated by complex processes triggered by microbial pathogens, especially endotoxin. 4) LPS can directly activate macrophages, which trigger the production of inflammatory mediators, such as NO, cyclooxygenase (COX)-2, pro-inflammatory cytokines and leukotrienes. 21) Therefore the pharmacological reduction of LPS-induced inflammatory mediators is regarded as one of the essential events to a variety of disorders caused by excessive activation of macrophages. 22) In this study, we confirmed the inhibitory effect of gallotannin 15 and newly defined the activity of gallotannin 23 on the LPSstimulated macrophages. Our results showed that gallotannin 15 and 23 dose-dependently attenuated LPS-induced iNOS expression and downstream NO production. Our data also showed that the inhibitory effects of gallotannins 15 and 23 were resulting from the inhibition of NF-kB.
NF-kB is a mammalian transcription factor that controls a number of genes important for inflammation. 15) Heterodimers of NF-kB components, mostly p50/p65, are binding to the inhibitor I-kB in the cytoplasm of resting cells. Under stimulation, degradation of I-kB followed by the release and subsequent nuclear translocation of the p50/65 het- erodimers bind to regulatory sequences in a variety of target genes.
2) Evidence exists that the modulation of iNOS is dependent on NF-kB in LPS-stimulated macrophages. In this study, we found that gallotannins 15 and 23 blocked degradation of I-kBa and nuclear translocation of p65 NF-kB. Inhibition of NF-kB translocation by gallotannins 15 and 23 is likely responsible for the observed inhibitory effects on the expression of iNOS and the production of NO.
The Euphorbia species are known to possess anti-cancer, anti-multidrug-resistant and anti-human immunodeficiency virus (HIV) activity and are widely used in Asia as an oriental medicine. [23] [24] [25] [26] The simplest hydrolyzable tannin, gallotannin, is a compound of polygalloyl esters of glucose. Gallotannins from other species have been studied to exhibit diverse biological effects ranging from anti-inflammation to antioxidant effects. 10, 11) Anti-inflammatory and anti-cancer effects of gallotannin 15 have been reported in many research groups. Gallotannin 15 inhibits prostate cancer and protects primary rat hepatocytes from apoptosis. 27, 28) Gallotannin 15 extracted from P. suffruticosa, decreases LPS-induced NO production and COX-2 activity in macrophages, 14) phorbol myristate acetate-induced IL-8 expression and NF-kB activation in monocytes. 29, 30) Gallotannin 15 attenuates TNF-a-induced translocation of NF-kB in human umbilical vein endothelial cells. 31) In addition, gallotannin 15 extracted from M. tanarins suppresses LPS-induced NF-kB activation in macrophages. 15) These reports are consistent with our previous report showing the anti-inflammatory effect of gallotannin 15 in human mast cells. 32) We previously reported that gallotannin 23 has a potential inhibiting Ca 2ϩ -activated hyaluronidase activity in carrageenin-induced paw edema model which is known to be related in vascular permeability and inflammatory process. 33) In addition, we showed inhibitory effect of gallotannin 23 on mast cell-mediated inflammation. 32) To the best of our knowledge, this is the first report regarding the inhibitory effect of gallotannin 23 on endotoxin-induced NO production in macrophages. Since gallotannin 15 has potential antiinflammatory and anti-cancer activity, more studies are required to further our understanding of its mechanisms of action. Our results might imply a new pathway to explain the efficacy of gallotannin 23 in the treatment of inflammatory responses.
